We have measured U concentrations, and elemental ratio of 238 
INTRODUCTION
The Japanese Islands are located between the Asian continent and the Pacific Ocean, show a typical island arc signatures such as a deep trench, a frontal arc, a volcanic arc, and a back arc region with a marginal sea. These features and the knowledge of the distribution of earthquake foci along the Wadati-Benioff zone should be understood as the geological and geophysical phenomena related to the subduction of the oceanic plate (Yoshii, formations are Silurian in Japan (Murata et al., 1974) . Thus it is important to find Precambrian rock in the island arc for understanding of the basement development.
Most of radiometric ages reported in Japan are younger than 500 Ma (Shibata, 1979) . There are two literatures showing Precambrian detrital zircons identified by the 207 Pb/ 206 Pb ratios: 1493 Ma found in the Amo gneiss of Hida metamorphic rocks (Ishizaka and Yamaguchi, 1969) and 1782 Ma in the Ryoke metamorphic rocks (Ishizaka, 1969) . These data were obtained by a conventional method using a mass of zircon grains at once, and they may be the average of the grain ages. Shibata and Adachi (1974) reported a Rb-Sr whole-rock age of 2050 ± 30 Ma for the metamorphic rocks from the Kamiaso conglomerate from central Japan. Recently Shimizu et al. (1996) have confirmed that the Kamiaso sample has an age of 2070 ± 60 Ma by Sm-Nd whole rock methods. The other evidence for Precambrian age was found in Hida metamorphic rocks on Oki-dogo Island where a preliminary study reported the Sm-Nd age of 1980 ± 180 Ma for amphibolite and that of 1960 ± 820 for pelitic gneiss (Tanaka and Hoshino, 1987) . Primary purpose of this paper is to verify the Precambrian age of the Hida pelitic gneiss by means of ion microprobe U-Pb zircon geochronology method.
After the pioneer works in 1970s (Hinthorne et al., 1979) , the most successful applications of ion microprobe U-Pb zircon analysis have been reported by the research group of Australian National University (ANU) by using original SHRIMP (Sensitive High Resolution Ion MicroProbe) and SHRIMP II (Ireland, 1995; Williams, 1998) . Recently SHRIMP II has been installed at Department of Earth and Planetary Sciences, Hiroshima University (HU). Second purpose of the paper is to check whether HU SHRIMP II has the same ability as ANU machine. In this regard comparison of two SHRIMP II's performance is technically new and interesting. Since this is the first comprehensive zircon work by HU SHRIMP II in addition to apatite analysis (Sano et al., 1999a, b; Sano and Terada, 1999) , experimental details of ion microprobe U-Pb dating are given in the paper.
The third purpose of this paper is to show rare earth element (REE) abundance in zircon samples by means of HU SHRIMP II made by high mass resolving power rather than the energy filtering method. The possibility of in situ REE abundance analysis is important when the zircon must not be destroyed or their textural context is important. In addition detection limits of REEs may be better than those of Cameca IMS 3f-series ion microprobe using a high energy offset method which should compromise the low transmission of secondary ions (Shimizu et al., 1978; Zinner and Crozaz, 1986; Grandjean and Albarède, 1989) . We report here a preliminary study on REE abundances in some zircon samples.
SAMPLES
The Japanese Islands are divided by a long and clear geotectonic line called the ItoigawaShizuoka tectonic line (ISTL) into two major tectonic blocks, northeastern (NE) Japan and southwestern (SW) Japan. SW Japan is characterized by the paired metamorphic belts; the low-pressure type on the continental side and the high-pressure type on the Pacific side (Miyashiro, 1973) . Figure 1 shows locations of sampling sites. The volcaniclastic rock in the Kamiaso conglomerate was collected from a turbidite sequence at the Kamiaso area in the southern part of the Mino terrain where the Paleozoic and Mesozoic system was composed of sandstone, shale, chert and conglomerate with minor intercalation of limestone, basic lava and tuff (Adachi, 1971; Adachi et al., 1992) . The metamorphic rock originated from an intermediate volcanic rock was collected at the Amo area in central part of the Hida terrane where a late Paleozoic to early Mesozoic system was composed of quartzo-feldspathic gneiss, amphibolite and crystalline limestone.
EXPERIMENTAL TECHNIQUES

U-Pb analysis
Zircons were separated from the original rock samples using standard crushing and heavy-liquid techniques, mounted in epoxy with several grains of two standard zircons SL13 and QGNG, where SL13 is the well-known Sri Lanka megacryst with the age of 572 Ma, extensively used by the Australian National University SHRIMP group as a U/Pb and abundance calibration standard (Roddick and van Breemen, 1994; Claoué-Long et al., 1995; Williams, 1998) and QGNG is a new multicrystal zircon standard from Quartz-Gabbro-Norite-Gneiss (QGNG) from Cape Donnington, Eyre Peninsula, South Australia whose TIMS U/Pb age is 1850 ± 2 Ma (2σ) (C. M. Fanning, personal communication, 1997) . Zircons were polished to provide a flat surface for sputtering of secondary ions until they were exposed through their mid-sections. After the surface was finished by 0.25 µm diamond paste, they were coated by thin gold plate to prevent from charging the sample surface by a primary beam.
At first U-Pb measurements of zircons from the Kamiaso volcaniclastic rock were carried out at Research School of Earth Sciences, ANU in Canberra by using SHRIMP II. The samples were evacuated in the sample lock overnight and introduced into the sample stage in the ion source chamber. About 2-nA mass-filtered O 2 -primary beam was focused to sputter a 30-µm-diameter area with positive ions extracted. Before the actual analysis, the sample surface was rastered for 3 minutes in order to clean up possible contaminants. The magnet was cyclically peak-stepped through a series of mass numbers ranging from mass 196 for 90 (Williams et al., 1996) and apatite grains (Sano et al., 1999a) , confirming that relative sensitivity factors of secondary ions is controlled by a fundamental physical process.
After the analysis in ANU, Canberra, the Kamiaso sample was brought to Hiroshima in Japan. It was polished again about 5 µm deep using 1 µm diamond paste until pits on zircon samples disappeared and then finished by the 0.25 µm paste. The sample was coated again by a gold plate and was set in the sample lock of SHRIMP II at Department of Earth and Planetary Sciences, HU. After one night under vacuum, the sample was introduced into the ion source chamber. We used about 3-nA mass-filtered O 2 -primary beam with 200 µm Kohler aperture which made a 30-µm-diameter pit on the surface. It was possible to manipulate the pit position of sputtered on the same as that made in ANU SHRIMP II under a microscope with CCD camera.
We adjusted the width of source and collector slits to 80 and 100 µm, respectively, in HU. Resolving power of 5800 at 1% peak height was attained to completely separate 208 + ratios in measuring standard QGNG, which was propagated to the individual sample measurements based on the equation above. This uncertainty was 1.5% (2σ) obtained by the scattering of data in Fig. 3 and usually less than 2% and was taken into account together with ion counting error of each mass peaks. The Amo sample was measured in HU.
Subtraction of common Pb from measured Pb is required to estimate the accurate age. In this study, a measured 208 Pb + / 206 Pb + ratio was used for the correction of common Pb whose isotopic compositions were assumed by a single-stage evolution model with 238 U/ 204 Pb = 8.8 and 232 Th/ 238 U = 3.8 (Compston et al., 1984) . When we take a twostage evolution model for common Pb (Stacey and Kramers, 1975) 
Rare earth element analysis
For rare earth element analysis, a ~5-nA mass filtered 32 O 2 -primary beam at an energy of 10 keV was used to sputter a 30-µm-diameter flat-bottomed crater. Secondary positive ions were extracted by 10 kV for mass analysis. The ion source and collector slits were set to 60 µm and 50 µm, respectively. A mass resolution of 9300 at 1% peak height was employed to separate heavy REEs from oxide of light REEs in zircon standard with adequate flat topped peaks (see Fig. 1 of Sano et al., 1999c) . No apparent isobaric interferences were found in the mass range over 139 La and 175 Lu at mass resolution of 9300. The transmission of about 30% was obtained by comparison of 138 Ba + secondary beam intensities of the NIST SRM612 standard glass between the condition of mass resolution of 9300 and that of 500 by fully-opened source and collector slits (Sano et al., 1999c ). We did not employ an energy filter method which is usually adopted in Cameca IMS 3f-series ion microprobe (Shimizu et al., 1978; Zinner and Crozaz, 1986; Grandjean and Albarède, 1989 
RESULTS
Observed
238 U/ 206 Pb age of SL13 standard zircon against QGNG standard in this work is 579.4 ± 7.6 Ma (2σ) based on the ten measurements. The age agrees with reference value of 572 Ma within experimental error margin. Table 1 Table  2 . Analytical data of the Amo sample are listed in Table 3 . Sample numbers show grains of zircon analyzed. Sub-numbers such as HIDA21.1 and HIDA21.2 in Table 3 indicate different pit positions in a single grain. Note that there is significant variation in U concentration even within the single grain. Errors assigned to the isotopic and elemental ratios are one sigma, and those for the radiogenic ages are two sigma. Figure 4 shows Figure 5 shows a Tera-Wasserburg U-Pb zircon concordia diagram for the Kamiaso sample based on the thirteen analyses at HU ( Figure 6 shows a Tera-Wasserburg U-Pb zircon concordia diagram for the Amo sample based on the analyses at HU (Table 3 ). There are many discordant zircons. Concordant zircons define six distinctive ages; about 1840 Ma, 1130 Ma, 580 Ma, 360 Ma, 285 Ma and 250 Ma. There are probably two discordia lines identified in Fig. 4 . Least squares fitting of the first discordia yields the upper and lower concordia intercept ages of 3422 ± 96 Ma (2σ) and 401 ± 11 Ma (2σ), respectively. The second discordia gives the intercept ages of 2556 ± 140 Ma (2σ) and 577 ± 49 Ma (2σ), re- spectively. Thus nine geochronological episodes are recognized in zircons extracted from the Amo gneiss.
Comparison of two SHRIMP II's data
Kamiaso volcaniclastic rock
Amo gneiss
Rare earth element abundances
A quantitative REEs analysis requires either good calibration standards, which are not always easily available, or knowledge about the relevant secondary-ion yields, in order to convert the observed peak intensities into concentrations. Several measurements of SL13 standard were carried out to check the secondary-ion yields of the REEs. The 180 Hf peak was used as an internal standard. Table 4 lists the observed ratio of (A + / 180 Hf + ) and the relative concentration of (A/ 180 Hf) in a reference (Ireland and Wlotzka, 1992) (Ireland and Wlotzka, 1992) . Note that uncertainty of light REEs (La ~ Sm) measurements is ±50% due to their errors in the reference. In addition we did not make a comprehensive check of the other standard zircons such as QGNG. Therefore we claim that this is a preliminary study.
Background level of 0.5 cps (at 3σ) coupled with the sensitivity of 10 cps/ppm 171 Yb/1nA O 2 -suggests a detection limit of ~10 ppb for zircon samples, which is from two to three order of magnitude better than those of Cameca IMS 3f-series ion microprobe using a high energy offset method (Zinner and Crozaz, 1986; Grandjean and Albarède, 1989) . Preliminary results on REEs abundances of the Amo zircons are listed in Table  5 
DISCUSSION
Search for the oldest mineral in Japan
The Japanese Islands are situated in the convergent plate margin and subduction-related tectonic activity is high, which makes it difficult to find out very old rocks and minerals on the surface. The oldest rock in Japan so far reported is the Kamiaso conglomerate whose clasts give RbSr and Sm-Nd ages of 2050 ± 30 Ma and 2070 ± 60 Ma, respectively (Shibata and Adachi, 1974; Shimizu et al., 1996) . The two concordant zircons (KMS04 and KMS10) derived from the Kamiaso volcaniclastic rock indicates the old age of 1976 ± 45 Ma (Table 2) , which agrees well with those of Rb-Sr and Sm-Nd in the literatures. Thus the early Proterozoic geochronological signature of the Kamiaso sample is confirmed by the present study. Apart from these concordant zircons with the age of 2.0 Ga, a discordant line in Fig. 5 suggests that there was a geochronological episode at 2553 ± 61 Ma. Geological implication of the age is given below together with the similar age of Amo zircon data.
Discordia defined by several Amo zircons (HIDA7.1, 24.1, 28.1, 33.1, and 46.1 in Fig.4) shows upper intercept age of 2556 ± 140 Ma, which agrees well with 2553 ± 61 Ma of Kamiaso zircon. The 2.55 Ga zircons may retain their original compositions which were derived from an Archean terrain in the continental margin of East Asia. Jahn and others have intensively studied Archean crustal evolution by Rb-Sr and U-Pb methods in China (Jahn et al., 1988; Jahn and Ernst, 1990; Jahn, 1990) . They reported that the most important period of the evolution in the SinoKorean craton is between 2.7-2.5 Ga. In contrast, the radiometric ages of Korean Precambrian rocks are not well documented (Choo and Kim, 1985; Lee et al., 1994) . Based on the Sm-Nd method, Lee et al. (1994) reported the age of 2.25 Ga for a gneiss in the Samchcog area of the Yongnam Massif, South Korea. Discordant age of 2.55 Ga observed in the Kamiaso and Amo samples is distinguished from 2.25 Ga gneiss in South Korea, but may have a relation with the period between 2.7-2.5 Ga in the Sino-Korean craton. Detailed geological and geochronological studies in China and Korea are needed to establish these relationships.
Statistical processing of discordant zircons in several Amo samples (HIDA13.1, 18.1, 29.1, 36 .1, 41.1, 44.1, and 50.1 in Fig. 4) yield the upper intercept age of 3422 ± 96 Ma which is the oldest evidence of minerals so far reported in Japan. Hidaka et al. (1997) report similar old zircon from the Jurassic Kamiaso conglomerate with radiogenic 238 U/ 206 Pb age of 3028 Ma and 207 Pb/ 206 Pb age of 3254 Ma, which is comparable to the discordia in Fig. 6 . These old zircons have the same geochronological history as zircons derived from the northeastern China where zircon U-Pb ages of 3.8 Ga, 3.3 Ga and younger ones were found in granitic rocks from the Anshan area (Biao et al., 1996) . Especially the model age of 3422 ± 96 Ma may be related to either intrusion of Chentaigou granite and granitic veins migmatising older rocks with the age of 3300~3340 Ma or formation of the Chentaigou supracrustals in 3362 ± 5 Ma in the Anshan area.
Geochronology of the Amo samples
The geochronology of the Hida terrane where the Amo sample was derived has been controversial even though extensive field and petrologic investigations have been carried out. Suzuki and Adachi (1991) summarized regional geology as follows: (1) Sato et al. (1967) reported three preliminary Rb-Sr model ages of 680 Ma for biotite, 810 Ma for microcline and 1200 Ma for whole-rock of the Gray Granite at Funatsuya in the Hida terrane. Arakawa (1984) showed a Rb-Sr wholerock isochron age of 415 ± 144 Ma for metagabbro and that of 332 ± 74 Ma for metatonalite exposed at the Urushiyama area. Shibata and Nozawa (1986) have indicated 1100 Ma and 700 Ma RbSr model ages for two varieties of Gray Granite at Kagasawa area in the terrane. Shibata et al. (1989) reported a Rb-Sr whole-rock isochron age of 506 ± 37 Ma for the Gray Granite at the Kubusu River area. Suzuki and Adachi (1991) presented the CHIME (CHemical Th-U-total Pb Isochron MEthod) zircon ages from 230 Ma to 250 Ma in the Gray Granite with several Precambrian age as old as 1230 Ma.
An concordant zircon age of 1841 ± 33 Ma is identified in the Amo gneiss by present work (see Fig. 6 ). This age is consistent with 1.8-1.6 Ga event of high-grade metamorphism accompanying igneous activity in the provenance area of metamorphic and granitic clasts in the Kamiaso conglomerate as suggested by Shibata and Adachi (1974) . Based on CHIME method, Suzuki and Adachi (1994) reported ages of detrital monazite and zircon from the Hida gneiss on Oki-dogo island. Unzoned monazites indicated the PbO/ThO 2 age of 250 ± 20 Ma, while zoned samples showed three different ages, 1690 ± 230 Ma, 440 ± 30 Ma and 250 ± 20 Ma, respectively. The oldest age of 1690 ± 230 Ma is consistent with the present data. Based on the geochronological data, Suzuki and Adachi (1994) suggested that middle Precambrian rocks (1.7-1.8 Ga) in the Ryongnam massif of southern part of Korean Peninsula were possible principle sources for the paragneiss of the main part of the Hida terrane in central Japan. This may be the case for the present samples. On the other hand, Yamashita and Yanagi (1994) reported an upper intercept age of 1960 ± 40 Ma based on the conventional U-Pb dating of zircons in a pelitic gneiss from the Oki metamorphic rocks. Cogenetic origin of the Hida gneiss in the Oki-dogo island and the Amo area in Hida terrane is not well established.
An Amo zircon age of 1130 Ma is consistent with 1100~1200 Ma Rb-Sr model age of the Gray Granite (Sato et al., 1967; Shibata and Nozawa, 1986) . The Amo age is also comparable to some significant thermal event at 1.0-1.2 Ga in the provenance of metamorphic and granitic clasts in the Kamiaso conglomerate as suggested by Shibata and Adachi (1974) . Again zircon grains showing the 1.1-1.2 Ga thermal event may be widespread in central Japan, even though this should be clarified in future work on Kamiaso zircons.
Relatively younger zircon ages of about 580 Ma, 400 Ma, 360 Ma and 285 Ma may indicate minor thermal event in the Hida terrane. The concordant age of 577 ± 49 Ma is comparable to the Rb-Sr whole-rock isochron age of 506 ± 37 Ma for the Gray Granite (Shibata et al., 1989 ) and similar to 470-550 Ma of the orthoquartzite clasts from the Tetori Group in the Hida terrane (Shibata, 1979) , suggesting an early to middle Paleozoic metamorphism in the terrane. The lower intercept age of 401 ± 11 Ma is consistent with the Rb-Sr whole-rock isochron age of 415 ± 144 Ma for metagabbro and 332 ± 74 Ma for metatonalite at the Urushiyama area (Arakawa, 1984) , probably supporting intrusion of the gabbro and tonalite at the time. However these Rb-Sr ages are also comparable to concordant zircon age of 360 Ma and even 285 Ma.
The youngest concordant age of 245 ± 15 Ma is consistent with CHIME monazite age of 250 ± 10 Ma for a sillimanite-bearing paragneiss sample from the main part of the Hida terrane (Toga area). This suggests that the Amo gneiss formed from Permo-Carboniferous clastic sediments during a single metamorphism at 250 Ma inferred by Suzuki and Adachi (1994) . K-Ar and Rb-Sr mineral ages of both metamorphic and granitic rocks in the Hida terrane concentrate at about 180 Ma (Shibata, 1979) . It is noted that there is no zircon U-Pb age of 180 Ma, indicating that the 180 Ma event was local thermal event related to the Funatsu granite.
Rare earth element geochemistry of the Amo samples
Valuable informations such as evolution of igneous rocks, partial melting of mantle materials, and fractional crystallization of magma can be derived from the study of the abundance patterns of rare earth elements (REE) in rock and mineral samples. REE abundances of zircon samples of the Amo gneiss may provide useful informations on the origin and evolution of the rock. C1 chondrite-normalized REE patterns (Anders and Grevesse, 1989) of typical samples are shown in Figs. 7, 8, and 9 , even though these are preliminary results. A common characteristic of the REE patterns among the samples is progressive enrichment of REE abundance with the atomic number and positive anomaly of Ce. These signatures are consistent with those in literatures (Nagasawa, 1970; Ireland and Wlotzka, 1992) . The positive anomaly of Ce in zircon was well-explained by preferential uptake of Ce 4+ into zircon crystals rather than Ce 3+ (Maas et al., 1992) . There is a negative anomaly of Eu in some zircon samples, which may be attributable to existence of Eu 2+ at reducing condition of zircon formation. If the oxidation state of zircon formation is the primary reason of positive anomaly of Ce and negative anomaly of Eu, there should be correlation between the anomalies of Ce and Eu. However this is not the case for the present samples where we can not find any correlation between Ce and Eu anomalies. This implies that the anomalies are not Anders and Grevesse (1989) . Anders and Grevesse (1989). simply derived from oxidation state. Figure 10 indicates a relationship between the formation age of zircon and its Eu anomaly as defined by Eu/Eu* where Eu* is calculated by (Sm + Gd)/2. It is noted that the oldest and youngest zircons show relatively small negative Eu/Eu* values. Zircons with intermediate ages such as 360 Ma and 1840 Ma indicate large Eu negative anomaly. Taylor and McLennan (1985) reported that there are not significant anomalies of Ce and Eu in Archean sediments and granitic rocks, probably controlled by the lower oxidation state. In the present study, however, the older zircons with the concordia intercept age of 2560 Ma (HIDA24.1 and 33.1) show relatively smaller Eu anomaly. Therefore oxidation state of Archean era is not so simple as discussed by Taylor and McLennan (1985) . In addition there is no correlation between the formation age of zircon and fractionation degree of REE as defined by the Lu/La ratio (see Table 5 ). REE geochemistry in zircon samples may be dominated by the local geology and their complex history, even though this is a preliminary results using high resolving power mode. Anders and Grevesse (1989 2. The upper concordia intercept age of 3.42 Ga is identified in the Amo sample, which is the oldest record of zircon so far reported in any rocks and minerals from the Japanese Islands. This may be derived from the northeastern Chine where zircon U-Pb ages of 3.3 Ga were reported in literature.
3. Several thermal events are suggested in the Hida terrane by zircon U-Pb ages of the Amo samples. They are consistent with those in literatures estimated by CHIME and Rb-Sr model ages. Among them, the most important metamorphism occurred at 250 Ma.
4. Preliminary results on rare earth element abundance patterns of the Amo zircons are consistent with those in literature with a progressive increase of REE with atomic number and positive Ce anomaly. The negative Eu anomaly is large in intermediate age samples and small in the oldest and youngest samples, suggesting that zircon REE geochemistry is not so simple as suggested by other workers.
